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Thesis directed by Assistant Professor Wei Zhang 
 
 There has been a long-standing interest in synthesizing covalently-bound single-sheet 
two-dimensional (2-D) polymers due to their potential applications in gas separation, chemical 
sensing, and ultrasensitive sensors for pressure changes, in addition to many other membrane 
applications. However, the controlled growth of covalently bonded 2-D polymers remains a 
major challenge that scientists have yet to overcome. In contrast to utilizing 1-D or 2-D building 
units in conventional polymer synthesis, we have been working on constructing ordered porous 
2-D polymers by assembling well-defined, rigid, 3-D organic cage building blocks. Such a 
bottom-up “cage-to-polymer” strategy would enable the efficient encoding of both dimensional 
and functional information into the final polymers. In this thesis, the efforts towards constructing 
cage building blocks by utilizing one-step, high-yielding dynamic covalent chemistry (DCC) 
instead of conventional multi-step, low-yielding covalent synthetic procedures are presented. 
Synthesizing 2-D polymers/oligomers in a controlled fashion is also discussed.  
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Chapter 1 
Introduction: Two Dimensional (2-D) Polymers 
 
1.1 Importance 
 For years now, the ability to synthesize covalently-bound single-sheet two-dimensional 
polymers has remained a major hurdle for many chemists worldwide. While chemists have had 
few problems synthesizing a plethora of covalent zero-dimensional (dot-like) compounds with 
dimensions less than a few nanometers, and furthermore, 1-dimensional (1-D) linear polymers, 
the ability of chemists to bridge the gap to synthesizing covalent 2-D polymers remains to be 
overcome, mostly due to challenging synthetic and solubility issues.
1
 Considering the impact the 
advent of 1-D linear polymers has had on changing our world, it is exciting to imagine the 
various novel intriguing structures, physical properties, and applications 2-D polymers will 
bring. 
 
1.2 Synthetic Strategy 
 There are several well-established synthetic strategies for synthesizing 2-D polymers. 
However, each synthetic strategy has failed in making a true 2-D polymer, which will be defined 
here as the controlled growth of a structurally perfect, infinitely extended, covalently bonded 
polymer with long-range order that is one monomer unit thick. The two main methods for 
working towards synthetic covalently-bonded 2-D polymers include ―flask-type‖ approaches that 
occur in the solution phase. The second approach involves forming mono or multilayered 
aggregates.  
 2 
 
 In theory, the monomer used for 2-D polymer synthesis must contain at least three 
functional groups which can connect to three other functional groups during synthesis. Plenty of 
monomers have been proposed as potential building blocks for synthesizing 2-D polymers (see 
Figure 1.1)
2-5
 in this dendrimer-like fashion. However, as more and more monomers are added  
 
Figure 1.1 Potential monomers for the formation of 2-D polymers.  
 
on to forming intermediate oligomers, many problems tend to arise—specifically the elaborate 
syntheses and the poor solubility of these large compounds which leads to the inability of the 
 3 
 
oligomer starting materials to further react to form larger oligomers, and ultimately a 2-D 
polymer. 
 A second common ―flask-type‖ approach involves taking a single strand of polymer and 
laterally extending it with similar individual strands in a parallel fashion. (See Figure 1.2 for 
several examples).
6,7
 However, once again, the elaborate syntheses and poor solubility of these 
large compounds is problematic. Furthermore, with the addition of each strand, depending on the 
number of repeating units, hundreds to thousands of transformations per compound will occur. It 
is difficult to imagine all the functional groups reacting to form a structurally perfect 2-D 
polymer—mistakes cannot be removed by purification.  
 
Figure 1.2 Representative double- and quadruple-stranded compounds. The bold lines are used 
to highlight the four independent strands.  
 
 These various strategies for ―flask-type‖ approaches to 2-D polymers thus far have only 
afforded small 2-D fragments. In contrast to using solution phase chemistry to achieve 2-D 
polymers, many groups have been working on a synthetic strategy which entails confining the 
monomers into 2-D geometries, often at a liquid/gas interface, then crosslinking to form 2-D 
 4 
 
structures. However, this strategy lacks structural control on the molecular level and tends to 
yield nonperiodic structures.  
 
1.3 Physical Characterization 
 Once achieved, there are a multitude of analytical techniques available for imaging 2-D 
polymers. Atomic Force Microscopy (AFM) can be used to develop a three-dimensional surface 
profile of the compound—this is useful for determining whether a monolayer or multilayered 
flakes are present. Transmission Electron Microscopy (TEM) is another surface imaging 
technique that may be used—Figure 1.3 below is a bright-field TEM image of a suspended 
graphene sheet.
8
 The folded edges imaged on the right clearly prove this to be a monolayer of 
graphite. In addition, electron diffraction patterns may be used to confirm the structure of the 
expected 2-D polymer.  
 
Figure 1.3. Bright-field TEM image of a suspended graphene sheet.  
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1.4 Potential Applications 
 The potential applications for covalently-bound single-sheet 2-D polymers, once 
achieved, are endless. To highlight a few, it is not too difficult to imagine the many applications 
associated with utilizing these 2-D polymers as membranes. These membranes could be used for 
gas separation, chemical sensing, and ultrasensitive sensors for pressure changes
9
, in addition to 
many other membrane applications. Furthermore, these 2-D covalent polymers could prove 
useful for catalysis and molecular electronics, and even as a platform for constructing three-
dimensional (3-D) covalent polymers by attaching well-chosen functional groups in the z-
direction.  
 
1.5 Organization of Thesis 
 Chapter 2 will cover the synthetic strategy utilized to form various discrete organic 
molecular cages. Chapter 2 will also highlight a few examples of cage formation to determine the 
parameters needed for the successful formation of these discrete organic molecular cages. 
Chapter 3 will discuss the viability of utilizing dynamic covalent chemistry to assemble these 
rigid, 3-D organic cage building blocks to construct well-defined 2-D oligomers and polymers. 
Such a bottom-up ―cage-to-polymer” strategy would enable the efficient encoding of both 
dimensional and functional information into the final polymers.  
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Chapter 2 
Discrete Organic Molecular Cages 
 
2.1 Porous Materials 
 Porous materials have recently gained much widespread attention due to their 
applications in a variety of fields including chemical sensing, nanoreactors, delivery vehicles, 
and gas storage and separation.
1-5
 Traditionally, well-established classes of porous materials 
include zeolites
6
, metal-organic frameworks (MOFs)
7-9
, and covalent organic frameworks 
(COFs).
10
 Much research has been dedicated to exploring the fascinating plethora of molecular 
architectures, properties, and applications for the various internal void sizes and surface areas 
available to these porous materials.  
 Contrary to employing supramolecular chemistry to assemble these higher-order 
structures (as commonly seen in MOF and COF synthesis), the strategy described within this 
thesis involves constructing ordered porous 2-D polymers by covalently assembling well-
defined, rigid, 3-D porous organic cage building blocks. Such a bottom-up “cage-to-polymer” 
strategy gives one precise control over the desired internal void size and molecular architecture 
of the final 2-D polymer, which would allow one to achieve excellent tailorability in these 
materials for various applications.  
 
2.2 Conventional Synthetic Approaches to Discrete Organic Molecular Cages 
 Only recently have organic cage compounds
11
 been introduced as a viable class of novel 
porous materials. These covalently assembled shape-persistent cage molecules are considered to 
be more thermally and chemically robust than their analogues assembled via supramolecular 
 8 
 
chemistry. Furthermore, compared to MOFs and COFs, these discrete molecular organic solids 
are highly soluble in a variety of solvents, thus enabling the easier fabrication of membranes or 
hybrid composite materials for a variety of applications. The dearth in reported discrete organic 
cages may be explained by the synthetic challenges often encountered in using conventional 
multi-step irreversible time-consuming syntheses with low overall yield.  
 
2.3 Dynamic Covalent Chemistry (DCC) 
 Instead of utilizing conventional multi-step, low-yielding covalent synthetic procedures, 
Dynamic Covalent Chemistry (DCC)
12
 has emerged as a powerful tool to achieving high yields 
in one-step from readily available starting materials. DCC uses reversible covalent bond 
formation (e.g., imine metathesis, olefin metathesis, and alkyne metathesis)
13-15
 to yield the most 
thermodynamically stable product. The reversible self-correcting nature of DCC overcomes the 
formation of kinetically introduced, undesired bonds. It is likely such a thermodynamic driving 
force can be utilized to enable the successful synthesis of a variety of well-defined discrete 
molecular cages, 2-D oligomers, and eventually 2-D polymers. Provided there is a large enough 
energy gap between the desired 2-D or 3-D molecular architectures and other possible species, 
the target compounds will be generated as the major products at equilibrium.  
 
Figure 2.1 Mechanism of Schiff-base formation between an amine and a ketone in aqueous 
solution.
16 
 
 9 
 
 The imine condensation reaction to form an imine, also known as a Schiff-base, describes 
the condensation reaction between a ketone and an amine to produce a water molecule, as shown 
in Figure 2.1 above.  
 Imine metathesis refers to the ability of the imines, once formed, to change ―partners‖ 
(illustrated in Figure 2.2). Such a self-correcting behavior ensures that the most 
thermodynamically stable product is formed as the major product at equilibrium. 
 
 
Figure 2.2 Schematic for imine metathesis.  
 
 After formation of the imine bond has been achieved, these imines can undergo a hydride 
reduction to form amine bonds. The amine bond is useful for locking down the desired structure 
(imine bonds are highly moisture sensitive) and improving solubility (via increased flexibility).  
 
2.4 Synthesis of Discrete Organic Molecular Cages via DCC 
 
Figure 2.3 Simple schematic for the entropically-driven cage formation. 
 
 Each cage was formed in one step from simple precursors via imine condensation 
reactions. The synthesis of each cage included combining two equivalents of a triamine top panel 
with three equivalents of a dialdehyde lateral edge. By employing this bottom-up approach, the 
properties of the bulk porous materials assembled from these organic cages can be tuned by 
 10 
 
varying the size, geometry, and functional groups attached to these cages. Unless otherwise 
noted, the formation of the cage is the most thermodynamically favored product due to the 
increase in entropy (seven small molecules formed from five small molecules) from the 
generation of one water molecule per imine bond formed (see Figure 2.3). These discrete 
molecular cages are also enthalpy favored due to the minimized angle strain between 
complimentary amines and aldehydes. Furthermore, molecular sieves were used in each cage 
synthesis to remove water molecules and further drive the equilibrium to the right.  
 Two different top pieces were utilized in these cage syntheses—the first, compound 1, 
can be described as a trigonal planar triamine top piece with three inherent solubilizing chains; 
the second, compound 2, can be described as a tetrahedral triamine top piece with one inherent 
solubilizing chain. Solubilizing chains are long aliphatic chains which can help increase the 
solubility of these molecules in a variety of organic solvents. Compounds 1 and 2 afforded cages 
with either a prismatic or cylindrical geometry, respectively.  
 
Figure 2.4 Structure of top pieces 1 and 2.  
 
2.4.1 Anthracene-based cage 
 The anthracene-based cage 4 was formed by combining top piece 1 with an anthracene-
based dialdehyde 3.  This cage has shown extremely high thermal stability, with a decomposition 
 11 
 
temperature of over 690K.
11
 Furthermore, molecular cage 4 has shown a decent ideal CO2/N2 
adsorption selectivity of 67 at STP.
11
 Additional gas uptake measurements for cage 4 can be 
found in Table 2.1. 
 
Figure 2.5 Synthetic schematic for the construction of cage 4.  
 
Table 2.1 Gas adsorption capacity and selectivity of cage 4.
11
 
CO2 adsorption               
(1 bar, 20 °C) 
N2 adsorption               
(1 bar, 20 °C) 
  
Wt % cc/g mol/mol cc/g mol/mol pore size (Å)
a 
ideal selectivity CO2/N2 
0.80 4.35 0.36 0.065 0.0053 6.27 67 
a
Pore size (distance between the top and bottom panels) was obtained from crystal structure 
analyses.  
 
 It is interesting to note that computer modeling and the solved crystal structure of cage 4 
show that the two top panels twist at a 22° angle such that the height and volume of the inner 
cavity of the cage is reduced. This observation points to the potential for these molecular cages 
to display responsive or breathable behavior.  
 
2.4.2 Biphenylacetylene-based cage 
 The major goal for constructing the biphenylacetylene-based cage 6 is to explore the 
feasibility of using angled dialdehyde side pieces in conjunction with the trihedral triamine top 
 12 
 
piece 2 to construct the cage. This could be potentially useful for controlling the surface 
morphology/functionality of the final desired products.  
 
Figure 2.6 Synthetic schematic for the construction of cage 6.  
 
 The poor yield associated with cage 6 can most likely be attributed to the extra degrees of 
freedom associated with side piece 5, which through rotation allows it to have both aldehydes 
pointing in the same (cis) or opposite (trans) directions. To successfully form cage 6, dialdehyde 
5 must take the cis conformation, with both aldehydes pointing in the same direction. 
 
2.4.3 Pyrene-based cage 
 The synthetic goal of the pyrene-based cage came as a direct consequence of the low 
yield of the biphenylacetylene-based cage 6. The highly rigid pyrene building blocks have 
inherently much less freedom. In addition, rotation along the axis of the phenyl ring to which the 
aldehyde is attached does not change the angle at which the aldehyde is with respect to the 
pyrene.  
 
 13 
 
 
Figure 2.7 Synthetic schematic for the construction of di-substituted cage 8.  
 
 
Figure 2.8 GPC of cage 8, with poly dispersity index (PDI) = 1.15.  
 
 Unexpectedly, the pyrene side piece 7 seemed to be too rigid. Although matrix-assisted 
laser desorption/ionization (MALDI) is not a quantitative analysis, MALDI of the crude reaction 
product indicated a large signal from the di-substituted (2-arm) cage (Calcd 1968.63, Found 
1969.87) and a small signal from the mono-substituted (1-arm) cage (Calcd 1545.93, Found 
1546.94). None of the desired fully closed, tri-substituted (3-arm) cage was observed via 
MALDI. Although purification of the product was unsuccessful, presumably the di-substituted 
cage 8 was formed as the major product based on combined analyses from MALDI, gel 
 14 
 
permeation chromatography (GPC), and 
1
H NMR. Heating at higher temperatures and addition 
of excess catalyst and dialdehyde 7 did nothing to shift the reaction towards the fully closed tri-
substituted cage. Presumably, once the first two arms of the cage are formed, the resulting 
product is highly strained, and the top and bottom panels cannot take the favored conformation to 
form the third arm, thus inhibiting the final cage formation. 
 
Figure 2.9 Synthetic schematic for the construction of di-substituted cage 9.  
 
 In addition, the cage formation between top piece 1 and lateral edge 7 was tested despite 
the differences in angles. MALDI of the crude reaction product similarly indicated a large signal 
from the di-substituted cage (Calcd 2052.13, Found 2053.17). Similar to the previous case, it is 
likely once the first two arms of the cage are formed, the top and bottom panels cannot take the 
favored conformation to form the third arm.  
 To further pursue the fully closed tri-substituted pyrenal-based cage, the analog to 
pyrenal compound 7 was synthesized in which the aldehyde groups are installed in the meta 
position instead of para to the pyrene. Due to the ability of the aldehyde to rotate to form the 
imine bond under reduced strain, it was expected for the fully closed cage 11a to be obtained 
under regular imine metathesis conditions. However after recrystallization, MALDI showed a 
 15 
 
few unidentified species along with two major species corresponding to the desired fully closed 
cage 11a (Calcd 2874.70, Found 2873.69) and macrocycle 11b (Calcd 1145.37, Found 1146.38). 
GPC further confirms this by showing a major peak with a left shoulder. However, these final 
structures were unable to be confirmed via NMR due to the highly insoluble nature of 
compounds 11a and 11b in a variety of solvents including CH2Cl2, toluene, and DMSO, even at 
high temperatures. This serves to highlight the importance of solubilizing chains, which would 
ideally increase the solubility of these macromolecules in a variety of organic solvents. 
 
 
Figure 2.10 Synthetic schematic for the construction of cage 11a and macrocycle 11b.  
 
Figure 2.11 GPC of cages 11, with PDI = 1.576.  
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Figure 2.12 Synthetic schematic for the construction of macrocycle 13.  
 
  The final pyrenal-based side piece 12 in this series is similar to compound 10, but 
contains two solubilizing chains instead of two bromines. When the cage formation between top 
piece 2 and side piece 12 was tested, it was found that the 1:1 primary amine macrocycle was 
formed in high yield instead of the expected 2:3 fully closed cage. The structure of macrocycle 
13 was confirmed via MALDI (Calcd 1260.80, Found 1261.81), 
1
H NMR, and 
13
C NMR. It is 
likely the macrocycle was formed over the fully closed cage due to the presence of the 
solubilizing chains on the pyrenal side piece 12. It is possible these long aliphatic chains make it 
sterically unfavorable for the fully closed cage to form.   
 
Figure 2.13 Synthetic schematic for the construction of cage 14.  
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 Cage formation between pyrenal side piece 12 and trigonal planar top piece 1 was also 
tested. Interestingly enough, MALDI showed only the desired product, cage 14, was formed 
(Calcd 3292.00, Found 3296.73) instead of a macrocycle similar to 13. The successful cage 
formation between a planar top piece and angled side piece served as further evidence that the 
angle match between the aldehyde and amine does not have to be 180° for imine bond formation. 
Although the imine-based cage was formed, repeated trials to try to reduce the imine bond were 
unsuccessful. Imine bonds tend to be highly moisture sensitive, rendering the imine-based cage 
14 impractical for many real world applications. 
 Current work is directed towards coupling primary amine macrocycle 13 with various 
dialdehydes in a 2:1 ratio, respectively, to form molecular tweezers of varying rigidity and 
length. 
 
Figure 2.14 Synthetic schematic for the coupling of macrocycle 13 with a dialdehyde to form 
molecular tweezers.  
 
2.4.4 Phenyleneethynylene-based cage 
 The construction of a series of phenyleneethynylene-based cages has proven to be very 
enlightening in terms of better understanding the role of solubilizing chains and the imine 
condensation reaction itself. Two different phenyleneethynylene-based dialdehyde side pieces 
were prepared—one containing a methoxy on the center ring (15), the other containing a long 
alkoxy chain (16) instead. The yields for the formation of the cage when these two different 
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dialdehydes were reacted with trigonal planar triamine top piece 1 were 36% and 46%, 
respectively. The higher yield associated with side piece 16 highlights the role of solubilizing 
chains in facilitating the imine metathesis reaction. TGA analysis of cage 18 shows great thermal 
stability with a decomposition temperature of approximately 640K. In addition, molecular cage 
18 has shown an outstanding ideal CO2/N2 adsorption selectivity of 138 at STP.
11
 It is likely this 
outstanding ideal CO2/N2 adsorption selectivity is a result of the high amino group density which 
can increase CO2 uptake coupled with the relatively small intrinsic pore size which can decrease 
the N2 uptake. Additional gas uptake measurements for molecular cage 18 can be found in Table 
2.2. 
 
Figure 2.15 Synthetic schematic for the construction of cages 17 and 18.  
 
Table 2.2 Gas adsorption capacity and selectivity of cage 18.
11
  
CO2 adsorption                
(1 bar, 20°C) 
N2 adsorption                  
(1 bar, 20°C) 
  
Wt % cc/g mol/mol cc/g mol/mol pore size (Å)
a 
ideal selectivity CO2/N2 
0.45 2.27 0.33 0.016 0.0024 5.27 138 
a
Pore size (distance between the top and bottom panels) was obtained from energy-minimized 
molecular modeling. 
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 Furthermore, a model study was performed to determine the versatility of the imine 
condensation approach. In this study, the almost same cage compound as 18 was synthesized 
with comparable yield by combining a diamine side piece with a trialdehyde top piece. This 
flexibility in functional group choice (amine or aldehyde) further facilitates the synthetic 
accessibility of the individual building blocks.  
 
Figure 2.16 Synthetic schematic for the construction of cage 21.  
 
2.5 Conclusions 
 A series of dialdehyde side pieces were reacted with two different triamine top pieces (1 
and 2) to yield discrete molecular cages of either prismatic or cylindrical geometry. From these 
series of reactions, it was determined what parameters are inducive for successful cage 
formation.  
 Anthracene-based cage 4 showed a decent ideal CO2/N2 adsorption selectivity of 67 at 
STP.
11
 The biphenylacetylene-based cage formation was successful (6), but due to the lack of 
rigidity within side piece 5 showed poor yields. Based on the series of pyrene-based cages, it was 
observed that a side piece that is too rigid cannot form the desired fully closed cylindrical cage. It 
was also determined that the angle between the aldehyde and complimentary amine does not 
have to be at 180° in order for the cage to form. In addition, the series of pyrene-based cages 
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showed that while the presence of solubilizing chains is indeed helpful with increasing the 
solubility of compounds within certain organic solvents, these solubilizing chains may also 
sterically hinder the formation of a fully closed cage. Finally, the phenyleneethynylene-based 
cage 18 showed an excellent ideal CO2/N2 adsorption selectivity of 138 at STP.
11
 It was also 
determined that the presence of solubilizing chains is helpful in increasing yields (by 
approximately 10% by replacing a methoxy group with an alkoxy chain). The 
phenyleneethynylene-based cage was also useful in demonstrating the versatility of the imine 
condensation approach—by switching the aldehydes and amines, comparable yields were 
observed which can further facilitate the synthetic accessibility of the individual building blocks.  
 In addition, as a result of these cage syntheses, primary amine macrocycle 13 was 
formed. This macrocycle has great potential as molecular tweezers—by varying the length, 
rigidity, and functional groups attached to the dialdehyde linker, one can tailor this molecular 
tweezer to selectively bind specific substrates (see Figure 2.14).  
 
2.6 Experimental Section 
 The following experimental section contains experimental procedures and 
1
H NMR data 
for selected compounds. Compound 2 was obtained from Yinghua Jin of the Zhang group. If 
available, 
13
C NMR data and high resolution mass spectrometry data will also be given for 
previously unreported compounds.  
 
2.6.1 General Methods and Materials 
 Reagents and solvents were purchased from commercial suppliers and used without 
further purification, unless otherwise indicated. Ether, tetrahydrofuran, toluene, CH2Cl2, and 
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DMF were purified by a MBRAUN solvent purification system. Reagent-grade CHCl3 was 
purchased from Mallinckrodt Chemicals, and anhydrous CH3CN was purchased from Sigma-
Aldrich. All reactions, except those performed in aqueous solvent, were conducted under dry 
nitrogen in oven-dried glassware. Unless otherwise specified, solvents were evaporated using a 
rotary evaporator after workup.  
 Unless otherwise specified, the purity of the compounds was ≥ 95% based on 1H NMR 
spectra integration. 
 Flash column chromatography was performed by using a 100-150 times weight excess of 
flash silica gel 32-63 µm from Dynamic Absorbants Inc. Fractions were analyzed by TLC using 
TLC silica gel F254-250 µm precoated-plates from Dynamic Absorbants Inc.  
 NMR spectra were taken on Inova 400 and Inova 500 spectrometers. CDCl3 (7.26 ppm) 
was used an internal references in 
1
H NMR, and CDCl3 (77.23 ppm) for 
13
C NMR. 
1
H NMR data 
were reported in order: chemical shift, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, 
multiplet), number of protons, coupling constants (J, Hz), and assignments. 
 
2.6.2 Syntheses 
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23: First, SM (22) (5 g, 18.0 mmoles) and NH4OH (200 mL) were placed in a 500-mL RB flask. Next, Zn powder 
(20 g, 306 mmoles) and CuSO4∙5H2O (85 mg, 0.340 mmoles) were added slowly. This was heated at 70 °C for 1 hr 
and 85 °C for 4.5 hrs under a reflux condenser. To workup, the reaction was vacuum filtered with a Buchner funnel. 
Next, the solid was washed several times with boiling toluene. The filtrate was concentrated, then redissolved in hot 
ethanol. Finally, a few drops of concentrated HCl was added until precipitate formed. The flask was then cooled to 
RT, then stored in the freezer overnight. Next, the product was filtered and washed with mother liquid. The yellow 
powder proved to be pure product with some anthracene in a ratio of 7.14:1, respectively. (3.24g, 74%). 
1
H NMR 
(500 MHz, CDCl3) δ 9.25 (s, 1H), 8.47 (s, 1H), 7.94 (d, J = 8.5 Hz, 2H), 7.62 (dd, J = 7.1, 2.6 Hz, 2H), 7.41 (t, J = 
7.8 Hz, 2H). The 
1
H NMR spectroscopic data is consistent with what was previously reported.
17 
 
24: First, SM (23) (2.14 g, 8.66 mmoles), Zn(CN)2 (2.03 g, 17.3 mmoles), Zn (135 mg, 2.08 mmoles), Pd2(dba)3 
(317 mg, 0.346 mmoles), dppf (384 mg, 0.693 mmoles), and DMA (20 mL) were added to a 100-mL Schlenk tube. 
N2 was bubbled through the black/green/brown mixture for 10 min. It was then allowed to stir at 120 °C overnight. 
The reaction was worked up with CH2Cl2 and EtOAc and washed with NaHCO3. Next, the organic layers were dried 
over Na2SO4 and concentrated. This was then recrystallized in 1,2-dichloroethane and purified via FCC (CH2Cl2 
→→ 2% MeOH/CH2Cl2). Yellow crystals were obtained (1.31g, 67%). 
1
H NMR (500 MHz, CDCl3) δ 9.18 (s, 1H), 
8.66 (s, 1H), 8.32 (d, J = 8.7 Hz, 2H), 8.09 (dd, J = 6.9, 0.9 Hz, 2H), 7.63 (dd, J = 8.6, 6.9 Hz, 2H). The 
1
H NMR 
spectroscopic data is consistent with what was previously reported.
18
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3: First, SM (24) (803 mg, 3.52 mmoles) and CH2Cl2 (60 mL) were combined in a 100-mL Schlenk tube under N2. 
Next, 1M DIBAL-H in hexanes (10.6 mL, 10.6 mmoles) was added to the yellow mixture dropwise at 0 °C. This 
was allowed to stir for 1 hr. Next, the cloudy yellow reaction mixture was quenched with 60 mL 1N HCl, then 
extracted with CH2Cl2 and washed with 1N HCl. The organic layer was dried over Na2SO4 and concentrated to yield 
a yellow solid (915 mg, 100% quantitative yield). 
1
H NMR (500 MHz, CDCl3) δ 11.20 (s, 1H), 10.62 (s, 2H), 8.61 
(s, 1H), 8.32 (d, J = 8.6 Hz, 2H), 8.14 (dd, J = 6.8, 1.2 Hz, 2H), 7.72 (dd, J = 8.5, 6.8 Hz, 2H). The 
1
H NMR 
spectroscopic data is consistent with what was previously reported.
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4: SM1 (1) (20 mg, 0.0331 mmoles) and SM2 (3) (11.6 mg, 0.0497 mmoles) were placed in a 25-mL Schlenk tube 
along with a few molecular sieves. This was vac/refilled 3X. Next, CHCl3 (11.0 mL) was added under N2. Finally, 
Sc(OTf)3 (2.44 mg, 0.00497 mmoles) in CH3CN (0.552 mL) was added dropwise. This was allowed to stir at RT for 
48 h. Next, the reaction was reduced with (211 mg, 0.994 mmoles) NaBH(OAc)3. After 18 h, the reaction was 
quenched with NaHCO3, worked up with CHCl3, and washed with NaHCO3 and brine. The organic layer was dried 
over Na2SO4, and then concentrated. The crude product was purified via FCC (CH2Cl2). (19.4 mg, 65%). 
1
H NMR 
(500 MHz, CDCl3) δ 9.08 (s, 3H), 8.52 (s, 3H), 8.02 (d, J = 8.5 Hz, 7H), 7.61 – 7.51 (m, 7H), 7.48 (dd, J = 8.4, 6.7 
Hz, 7H), 7.24 – 7.16 (m, 6H), 6.90 (dt, J = 8.3, 5.1 Hz, 12H), 6.67 (dd, J = 8.1, 2.0 Hz, 6H), 4.83 (s, 12H), 3.91 – 
3.74 (m, 7H), 2.27 (dd, J = 10.0, 6.3 Hz, 12H), 2.06 (s, 1H), 1.57 (s, 3H), 1.35 – 1.16 (m, 21H), 1.04 (dt, J = 14.0, 
6.9 Hz, 14H), 0.98 – 0.81 (m, 32H), 0.74 – 0.62 (m, 21H). The 1H NMR spectroscopic data is consistent with what 
was previously reported.
20
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(6): SM1 (2) (16 mg, 0.0285 mmoles) and SM2 (5) (10 mg, 0.0427 mmoles) were placed in a 25-mL Schlenk tube 
along with a few molecular sieves. This was vac/refilled 3X. Next, CHCl3 (9.49 mL) was added under N2. Finally, 
TFA (0.327µL, 0.00427 mmoles) was added dropwise. This was allowed to stir at RT for 48 h. Next, the reaction 
was reduced with (181 mg, 0.854 mmoles) NaBH(OAc)3. After 18 h, the reaction was quenched with NaHCO3, 
worked up with CHCl3, and washed with NaHCO3 and brine. The organic layer was dried over Na2SO4, and then 
concentrated. The crude product was purified via FCC (20% EtOAc/Hexanes). (5.8 mg, 24%). 
1
H NMR (500 MHz, 
CDCl3) δ 7.56 (d, J = 10.5 Hz, 6H), 7.42 (dd, J = 5.8, 2.8 Hz, 6H), 7.30 (d, J = 4.6 Hz, 12H), 7.09 (d, J = 8.3 Hz, 
4H), 7.02 (d, J = 8.3 Hz, 4H), 6.95 (d, J = 8.7 Hz, 12H), 6.48 (d, J = 8.5 Hz, 12H), 4.25 (d, J = 29.4 Hz, 12H), 4.00 
(s, 6H), 2.59 – 2.52 (m, 4H), 1.63 – 1.48 (m, 13H), 0.88 (dd, J = 16.0, 9.0 Hz, 25H). MALDI: Calcd for C126H132N6 
1730.05; Found: 1731.65. 
 
(7): First, CuI (0.515 mg, 0.00271 mmoles), Pd(PPh3)2Cl2 (5.69 mg, 0.00811 mmoles), SM1 (25) (33.8 mg, 0.135 
mmoles), and SM2 (26) (126 mg, 0.541 mmoles) were placed in a 25-mL Schlenk tube. This was vac/refilled 3X. 
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Next, THF (3.4 mL) and piperidine (0.05 mL) were added under N2. This was allowed to stir for 18 h at RT. The 
crude reaction mixture was then concentrated and purified via FCC (CH2Cl2). A yellow solid was obtained (72.7 
mg, 100% quantitative yield). 
1
H NMR (500 MHz, CDCl3) δ 10.09 (s, 2H), 8.81 (s, 2H), 8.29 – 8.19 (m, 4H), 8.13 
(s, 2H), 7.97 (d, J = 8.2 Hz, 4H), 7.89 (d, J = 8.2 Hz, 4H). HR-MS (ESI): Calcd for C34H18O2 [M+Li
+
] 465.1468; 
Found, 465.1470.  
 
(10): First, CuI (0.864 mg, 0.00454 mmoles), Pd(PPh3)2Cl2 (9.56 mg, 0.0136 mmoles), SM1 (25) (56.8 mg, 0.227 
mmoles), and SM2 (27) (282 mg, 0.908 mmoles) were placed in a 25-mL Schlenk tube. This was vac/refilled 3X. 
Next, THF (5.7 mL) and piperidine (0.1 mL) were added under N2. This was allowed to stir for 18 h at RT. The 
crude reaction mixture was then concentrated and purified via FCC (CH2Cl2), then recrystallized in toluene. An 
orange solid was obtained (34.1 mg, 24%). 
1
H NMR (500 MHz, CDCl3) δ 10.05 (s, 2H), 8.80 (s, 1H), 8.28 – 8.21 
(m, 2H), 8.15 (s, 6H), 8.06 – 8.04 (m, 2H). HR-MS (ESI): Calcd for C34H16Br2O2 [M+Li
+
] 622.9660; Found, 
622.9673.  
 
(29): First, CuI (6.13 mg, 0.0322 mmoles), Pd(PPh3)2Cl2 (67.7 mg, 0.0965 mmoles), and SM (27) (1.00 g, 3.22 
mmoles) were placed in a 100-mL Schlenk tube. This was vac/refilled 3X. Next, THF (38 mL), piperidine (3.8 mL), 
and 1-decyne (28) (2.32 mL, 12.87 mmoles) were added under N2. This was allowed to stir for 18 h at RT. The 
crude reaction mixture was then concentrated and purified via FCC (hexanes → EtOAc). A brown liquid was 
obtained (1.05 g, 100% quantitative yield). 
1
H NMR (500 MHz, CDCl3) δ 9.92 (s, 1H), 7.90 (t, J = 1.7 Hz, 1H), 7.80 
(t, J = 1.4 Hz, 1H), 7.77 (t, J = 1.6 Hz, 1H), 2.45 – 2.39 (m, 3H), 1.65 – 1.57 (m, 3H), 1.48 – 1.41 (m, 3H), 1.36 – 
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1.25 (m, 13H), 0.90 (t, J = 7.0 Hz, 5H). 
13
C NMR (75 MHz, CDCl3) δ 190.20, 139.64, 137.64, 131.63, 130.83, 
127.20, 122.92, 94.10, 78.08, 31.84, 29.18, 29.09, 28.92, 28.45, 22.66, 19.38, 14.11.  
 
(12): First, CuI (1.52 mg, 0.00800 mmoles), Pd(PPh3)2Cl2 (16.8 mg, 0.0240 mmoles), SM1 (25) (513 mg, 1.60 
mmoles), and SM2 (29) (100 mg, 0.400 mmoles) were placed in a 25-mL Schlenk tube. This was vac/refilled 3X. 
Next, triethylamine (5.5 mL) was added under N2. This was allowed to stir for 18 h at 65 °C. The crude reaction 
mixture was then concentrated and purified via FCC (50% CHCl3/Hex → 75% CHCl3/Hex). An orange solid was 
obtained (173 mg, 59%). 
1
H NMR (500 MHz, CDCl3) δ 10.02 (s, 2H), 8.72 – 8.68 (m, 2H), 8.17 (dd, J = 7.9, 2.6 
Hz, 2H), 8.12 (d, J = 7.9 Hz, 2H), 8.06 (dd, J = 6.6, 5.1 Hz, 4H), 7.95 – 7.92 (m, 2H), 7.86 (t, J = 1.4 Hz, 2H), 2.50 
– 2.44 (m, 4H), 1.70 – 1.62 (m, 5H), 1.53 – 1.41 (m, 5H), 1.39 – 1.24 (m, 22H), 0.93 – 0.83 (m, 8H). 13C NMR (75 
MHz, CDCl3) δ 190.95, 139.46, 136.54, 132.17, 131.73, 131.46, 131.10, 129.94, 128.05, 126.27, 125.74, 125.13, 
124.66, 123.81, 117.69, 93.55, 93.26, 90.27, 78.73, 31.88, 29.23, 29.16, 29.02, 28.61, 22.69, 19.47, 14.15.  
 
(13): SM1 (12) (50 mg, 0.0684 mmoles) and SM2 (2) (38.4 mg, 0.0684 mmoles) were placed in a 100-mL Schlenk 
tube along with a few molecular sieves. This was vac/refilled 3X. Next, CHCl3 (45.6 mL) was added under N2. 
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Finally, TFA (0.524µL, 0.00684 mmoles) was added dropwise to the pale yellow solution. This was allowed to stir 
at RT for 48 h. Next, the reaction was reduced with (290 mg, 1.37 mmoles) NaBH(OAc)3. After 5 h, the reaction 
was quenched with NaHCO3, worked up with CHCl3, and washed with NaHCO3 and brine. The organic layer was 
dried over Na2SO4, and then concentrated. The crude product was purified via FCC (1% TEA/30% CH2Cl2/Hexanes 
→→ 1% TEA/98% CH2Cl2/Hexanes). An orange solid was obtained (40.3 mg, 47%). 
1
H NMR (500 MHz, CDCl3) δ 
8.74 (s, 2H), 8.14 (d, J = 7.9 Hz, 2H), 8.06 (d, J = 8.0 Hz, 2H), 7.98 (d, J = 9.4 Hz, 2H), 7.65 (s, 2H), 7.59 (d, J = 
7.6 Hz, 2H), 7.41 (s, 2H), 7.20 (d, J = 8.2 Hz, 2H), 7.06 (dd, J = 17.8, 9.5 Hz, 4H), 6.98 (t, J = 8.9 Hz, 4H), 6.59 (d, 
J = 8.5 Hz, 2H), 6.49 (d, J = 8.5 Hz, 4H), 4.16 (d, J = 32.5 Hz, 4H), 4.01 (d, J = 35.8 Hz, 2H), 3.83 – 3.07 (m, 1H), 
2.61 – 2.54 (m, 2H), 2.44 (dd, J = 15.3, 8.2 Hz, 4H), 1.70 – 1.57 (m, 8H), 1.55 – 1.43 (m, 6H), 1.41 – 1.30 (m, 27H), 
1.28 (s, 30H), 0.97 – 0.83 (m, 13H). 13C NMR (75 MHz, CDCl3) δ 145.56, 145.19, 143.70, 140.50, 139.80, 138.08, 
137.66, 133.49, 131.96, 131.91, 131.67, 131.34, 130.87, 130.79, 130.45, 129.85, 127.95, 127.21, 126.66, 125.01, 
124.71, 124.01, 123.84, 118.26, 114.16, 111.77, 94.71, 91.44, 88.86, 79.88, 62.55, 48.47, 35.53, 31.96, 31.92, 31.43, 
29.74, 29.70, 29.67, 29.60, 29.40, 29.27, 29.20, 29.03, 28.77, 22.73, 19.50, 14.19, 14.17. MALDI: Calcd for 
C93H101N3 1260.80; Found: 1261.81.  
 
(31): First, CuI (17.5 mg, 0.0918 mmoles), Pd(PPh3)2Cl2 (193 mg, 0.275 mmoles), and SM (30) (1.22 g, 4.59 
mmoles) were placed in a 100-mL Schlenk tube. This was vac/refilled 3X. Next, THF (20 mL), piperidine (2 mL), 
and TMSA (4.51 g, 45.9 mmol) were added under N2. This was allowed to stir for 18 h at 65 °C. The crude reaction 
mixture was then concentrated and purified via FCC (Hex → 1% EtOAc /Hex). A yellow oil was obtained (4.98 g, 
100% quantitative yield). 
1
H NMR (300 MHz, CDCl3) δ 7.21 (s, 1H), 6.96 (d, J = 1.4 Hz, 2H), 3.80 (s, 3H), 0.26 (s, 
18H). 
13
C NMR (75 MHz, CDCl3) δ 159.00, 128.24, 124.22, 117.63, 104.01, 94.65, 55.42, -0.11; HR-MS (ESI): 
Calcd for C17H24OSi2 [M+Na
+
] 323.1258; Found, 323.1246.  
 
(32): First, SM (31) (4.98 g, 0.0166 moles), THF (40 mL), and MeOH (150 mL) were placed in a 500-mL RB flask. 
Next, NaOH (6.63 g, 0.166 moles) in H2O (9 mL) was added dropwise. This was allowed to stir for 1 h at RT. The 
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solution was then concentrated and worked up with anhydrous ethyl ether, and washed with H2O and brine. The 
organic layer was dried over Na2SO4, and then concentrated. A yellow solid was obtained (2.51 g, 93.7%). 
1
H NMR 
(300 MHz, CDCl3) δ 7.24 (t, J = 1.4 Hz, 1H), 7.03 (d, J = 1.3 Hz, 2H), 3.82 (s, 3H), 3.09 (s, 2H). 
13
C NMR (75 
MHz, CDCl3) δ 159.10, 128.26, 123.36, 118.26, 82.54, 77.66, 55.44; HR-MS (ESI): Calcd for C11H8O[M+H
+
] 
157.0648; Found, 157.0654. 
 
(15): First, CuI (9.67 mg, 0.0510 mmoles), Pd(PPh3)2Cl2 (107 mg, 0.152 mmoles), SM1 (32) (396 mg, 2.54 mmoles), 
and SM2 (27) (1.81 g, 5.84 mmoles) were placed in a 100-mL Schlenk tube. This was vac/refilled 3X. Next, THF 
(30 mL) and piperidine (5.17 mL) were added under N2. This was allowed to stir for 18 h at RT. The crude reaction 
mixture was then concentrated and purified via FCC (20% EtOAc/Hex →→ 30% EtOAc/30%CH2Cl2/Hex). A 
yellow solid was obtained (1.29 g, 97%). 
1
H NMR (300 MHz, CDCl3) δ 9.99 (s, 2H), 8.03 – 7.99 (m, 2H), 7.97 (t, J 
= 1.5 Hz, 2H), 7.96 – 7.92 (m, 2H), 7.35 (s, 1H), 7.10 (d, J = 1.4 Hz, 2H), 3.89 (s, 3H). 13C NMR (75 MHz, CDCl3) 
δ 189.91, 159.40, 139.53, 137.80, 131.90, 131.54, 127.53, 125.92, 123.64, 123.20, 117.97, 91.09, 86.99, 55.57; HR-
MS (ESI): Calcd for C25H14Br2O3 [M+Li
+
] 528.9446; Found, 528.9468.  
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(17): SM1 (1) (100 mg, 0.166 mmoles) and SM2 (15) (130 mg, 0.248 mmoles) were placed in a 250-mL 3-neck RB 
flask along with a few molecular sieves. This was vac/refilled 3X. Next, CHCl3 (55.2 mL) was added under N2. 
Finally, Sc(OTf)3 (12.2 mg, 0.0248 mmoles) in CH3CN (2.76 mL) was added dropwise. This was allowed to stir at 
RT for 48 h. Next, the reaction was reduced with (1.05 g, 4.97 mmoles) NaBH(OAc)3. After 18 h, the reaction was 
quenched with NaHCO3, worked up with CHCl3, and washed with NaHCO3 and brine. The organic layer was dried 
over Na2SO4, and then concentrated. The crude product was purified via FCC (20% EtOAc/Hex → 20% 
EtOAc/10% CH2Cl2/Hex). (80.8 mg, 36%).
1
H NMR (500 MHz, CDCl3) δ 7.58 – 7.53 (m, 7H), 7.50 (d, J = 11.7 Hz, 
7H), 7.47 (d, J = 4.2 Hz, 6H), 7.25 – 7.20 (m, 2H), 7.01 (dd, J = 7.2, 4.9 Hz, 20H), 6.58 (d, J = 8.4 Hz, 12H), 4.36 
(s, 11H), 4.14 (s, 3H), 3.88 – 3.78 (m, 9H). MALDI: Calcd for C159H156Br6N6O3 2678.73; Found: 2677.72.  
 
(19): First, CuI (1.30 mg, 0.00697 mmoles), Pd(PPh3)2Cl2 (14.7 mg, 0.0210 mmoles), SM1 (33) (176 mg, 0.801 
mmoles), and SM2 (34) (128 mg, 0.348 mmoles) were placed in a 25-mL Schlenk tube. This was vac/refilled 3X. 
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Next, THF (10 mL) and piperidine (2 mL) were added under N2. This was allowed to stir for 18 h at RT. The crude 
reaction mixture was then concentrated and purified via FCC (CH2Cl2→ 10% EtOAc/CH2Cl2). A brown solid was 
obtained (116 mg, 61%). 
1
H NMR (500 MHz, CDCl3) δ 7.49 – 7.46 (m, 1H), 7.17 – 7.11 (m, 2H), 7.07 – 7.05 (m, 
1H), 7.02 (s, 2H), 6.94 (d, J = 7.9 Hz, 2H), 6.86 (s, 2H), 6.68 (d, J = 7.8 Hz, 2H), 3.98 (s, 2H), 3.71 (s, 3H), 1.56 (s, 
48H), 1.52 – 1.37 (m, 3H), 1.27 (s, 24H). The 1H NMR spectroscopic data is consistent with what was previously 
reported.
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(20): First, boronic acid (1.27 g, 8.47 mmoles) and Pd(PPh3)4 (0.245 g, 0.212 mmoles) were added to a 100-mL 
Schlenk tube inside the glove box. Next, Na2CO3 (0.898 g, 8.47 mmoles) was added. This was vac/refilled 3X. 
Finally, SM (35) (1 g, 1.41 mmoles) in THF (17 mL) and toluene (17 mL) was added, along with water (8 mL). This 
was vac/refilled 3X. This was allowed to stir overnight at 80 °C. The reaction was then worked up with CH2Cl2, 
H2O, and brine. The organic layer was dried over Na2SO4, then concentrated. The product was purified via FCC (8% 
CH2Cl2/8% EtOAc/Hexanes) to yield a yellow solid (492 mg, 27%). 
1
H NMR (500 MHz, CDCl3) δ 10.08 (d, J = 6.7 
Hz, 3H), 7.95 (d, J = 8.0 Hz, 6H), 7.48 (d, J = 8.1 Hz, 6H), 1.99 – 1.92 (m, 6H), 1.12 – 0.62 (m, 33H). The 1H NMR 
spectroscopic data is consistent with what was previously reported.
11
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(21): SM1 (19) (25.6 mg, 0.0467 mmoles) and SM2 (20) (20.0 mg, 0.0311 mmoles) were placed in a 25-mL Schlenk 
tube along with a few molecular sieves. This was vac/refilled 3X. Next, CHCl3 (10.4 mL) was added under N2. 
Finally, Sc(OTf)3 (2.30 mg, 0.00467 mmoles) in CH3CN (0.518 mL) was added dropwise. This was allowed to stir 
at RT for 48 h. Next, the reaction was reduced with (594 mg, 2.80 mmoles) NaBH(OAc)3. After 18 h, the reaction 
was quenched with NaHCO3, worked up with CHCl3, and washed with NaHCO3 and brine. The organic layer was 
dried over Na2SO4, and then concentrated. The crude product was purified via FCC (8% EtOAc/Hex). (20.0 mg, 
45%). 
1
H NMR (500 MHz, CDCl3) δ 8.02 – 7.80 (m, 1H), 7.48 (d, J = 7.9 Hz, 1H), 7.34 (d, J = 8.1 Hz, 3H), 7.23 (d, 
J = 7.7 Hz, 4H), 7.19 (t, J = 1.3 Hz, 1H), 7.12 (t, J = 7.9 Hz, 2H), 6.99 (t, J = 2.3 Hz, 2H), 6.92 – 6.84 (m, 3H), 6.82 
(s, 1H), 6.78 (s, 1H), 6.61 (dt, J = 23.8, 11.7 Hz, 2H), 4.39 (s, 4H), 4.13 (dd, J = 14.3, 7.1 Hz, 2H), 3.96 (t, J = 6.5 
Hz, 2H), 1.98 (d, J = 7.8 Hz, 4H), 1.84 – 1.70 (m, 3H), 1.57 (s, 3H), 1.44 (dd, J = 8.9, 5.3 Hz, 3H), 1.17 – 1.01 (m, 
6H), 1.01 – 0.80 (m, 12H), 0.80 – 0.56 (m, 17H). The 1H NMR spectroscopic data is consistent with what was 
previously reported.
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Chapter 3 
Towards Synthesis of 2-D Polymers 
 
3.1 Synthesis of 2-D Polymers 
 
Figure 3.1 Synthetic schematic for the formation of a 2-D polymer from 3-D discrete cage 
building blocks.  
 
 In contrast to utilizing 1-D or 2-D building units in conventional polymer synthesis, the 
strategy employed herein involves constructing highly ordered porous 2-D polymers by 
assembling well-defined, rigid, 3-D organic cages. Such a bottom-up “cage-to-polymer” strategy 
would enable the efficient encoding of both dimensional (pore size/distribution) and functional 
information (guest recognition, sensing, catalysis, etc.) into the final frameworks. Moreover, 
connected by covalent bonds, the resulting ladder polymer (shown in Figure 3.1) would show 
high chemical and thermal stability. 
 To be able to construct 2-D ladder polymers by utilizing the molecular cage DCC 
strategy, it is necessary to first test the cage formation to ensure that the desired cage can be 
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obtained in high yield with good solubility. The next step is to investigate the controlled growth 
of cages into oligomers, a ―cage cluster,‖ which can be likened to a higher generation 2-D 
dendrimer. The final step would be to expand this novel strategy to the modular synthesis of a 
variety of true 2-D polymers.  
 
Figure 3.2 Synthetic schematic for the construction of a cage cluster. 
 
 Chapter 2 covers a variety of successful cage formations. To perform the next step, to 
investigate the controlled growth of cages into oligomers, it is necessary to synthesize 
tetraaldehyde analog side pieces. Then, by varying the ratio of triamine top piece to dialdehyde 
side piece to tetraaldehyde side piece, it is projected oligomers of a desired specific molecular 
weight can be generated in high yield. For example, Figure 3.2 shows that when eight 
equivalents of a triamine top piece is combined with six equivalents of a dialdehyde side piece 
and three equivalents of a tetraaldehyde side piece, ideally, an oligomer, the cage cluster, should 
be formed in high yield.  
 After showing that controlled growth is possible by obtaining the cage cluster, the final 
step in this strategy is to form the 2-D polymer. This can be achieved by simply combining two 
equivalents of a triamine top piece with three equivalents of a tetraaldehyde side piece.  
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3.2 Syntheses of Tetra-substituted Aldehydes 
 Unfortunately, all attempts thus far to obtain the cage cluster has proved unsuccessful, 
mostly due to the problematic syntheses associated with most of the tetraaldehydes.  
 The same synthetic route to obtain the anthracene-based dialdehyde 3 was used to try to 
obtain the anthracene-based tetraaldehyde 36. However, the purification of tetracyano anthracene 
is problematic due to its poor solubility in a majority of organic solvents. In addition, crude 
1
H 
NMR indicates the synthesis of the tetraaldehyde anthracene tends to yield the desired product as 
only a slim minority; the rest of the reaction mixture is most likely a combination of over-
reduced and unreacted cyanide groups.  
 Although the biphenylacetylene-based tetraaldehyde 37 was isolated in decent yield 
(45%), the subsequent cage cluster was never realized. Considering the already poor yield of 
cage 6, it is less likely that the larger cage cluster will be formed with high efficiency; this was 
confirmed by several unsuccessful trials.  
 The purified pyrene-based tetraaldehyde 38 has proven to be elusive as well. Crude 
1
H 
NMR clearly shows the desired product was formed in high yield, however, all attempts to 
isolate the product have been unsuccessful—purification via FCC and recrystallization in a 
variety of solvents have both yielded no desired product. Despite the presence of four 
solubilizing chains, it is suspected that the desired product has extremely low solubility in a 
variety of organic solvents.  
 Finally, the phenyleneethynylene-based tetraaldehyde 39 has been isolated. However, this 
isolated side piece contains a methoxy group instead of an alkoxy chain. This could potentially 
lead to solubility issues in the future. Currently, work is directed towards optimizing this cage 
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cluster formation, in addition to synthesizing the phenyleneethynylene-based tetraaldehyde with 
an alkoxy solubilizing chain.  
 
Figure 3.3 Structure of tetraaldehydes 36-39.  
 
3.3 Outlook 
 In contrast to utilizing 1-D or 2-D building units in conventional polymer synthesis, the 
strategy detailed within this thesis entailed constructing ordered porous 2-D polymers by 
assembling well-defined, rigid, 3-D organic cage building blocks. Such a bottom-up “cage-to-
polymer” strategy would enable the efficient encoding of both dimensional and functional 
information into the final polymers. In addition, use of this modular synthesis would allow 
precise control over the size and molecular architecture of the resulting oligomers or polymer, 
which could greatly impact the properties of the final porous materials. 
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 Moderate success has been met with forming discrete organic molecular cages via DCC. 
Although the successful formation of a cage cluster, which would demonstrate controlled 
growth, has yet to be realized, it is only a matter of time until the right tetraaldehyde is 
synthesized which can form this first generation dendrimer, and ultimately, a 2-D polymer.  
 
3.4. Experimental Section 
 The following experimental section contains experimental procedures and 
1
H NMR data 
for selected compounds. If available, 
13
C NMR data and high resolution mass spectrometry data 
will also be given for previously unreported compounds.  
 
3.4.1 General Methods and Materials 
 Reagents and solvents were purchased from commercial suppliers and used without 
further purification, unless otherwise indicated. Ether, tetrahydrofuran, toluene, CH2Cl2, and 
DMF were purified by a MBRAUN solvent purification system. Reagent-grade CHCl3 was 
purchased from Mallinckrodt Chemicals, and anhydrous CH3CN was purchased from Sigma-
Aldrich. All reactions, except those performed in aqueous solvent, were conducted under dry 
nitrogen in oven-dried glassware. Unless otherwise specified, solvents were evaporated using a 
rotary evaporator after workup.  
 Unless otherwise specified, the purity of the compounds was ≥ 95% based on 1H NMR 
spectra integration. 
 Flash column chromatography was performed by using a 100-150 times weight excess of 
flash silica gel 32-63 µm from Dynamic Absorbants Inc. Fractions were analyzed by TLC using 
TLC silica gel F254-250 µm precoated-plates from Dynamic Absorbants Inc.  
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 NMR spectra were taken on Inova 400 and Inova 500 spectrometers. CDCl3 (7.26 ppm) 
was used an internal references in 
1
H NMR, and CDCl3 (77.23 ppm) for 
13
C NMR. 
1
H NMR data 
were reported in order: chemical shift, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, 
multiplet), number of protons, coupling constants (J, Hz), and assignments. 
 
3.4.2 Syntheses 
 
41: First, SM (40) (5 g, 14.5 mmoles) and NH4OH (200 mL) were placed in a 500-mL RB flask. Next, Zn powder 
(16.0 g, 246 mmoles) and CuSO4∙5H2O (68 mg, 0.272 mmoles) were added slowly. This was heated at 70 °C for 1 
hr and 85 °C for 4.5 hrs under a reflux condenser. To workup, the reaction was vacuum filtered with a Buchner 
funnel. Next, the solid was washed several times with boiling toluene. The filtrate was concentrated, then 
redissolved in hot ethanol. Finally, a few drops of concentrated HCl was added until precipitate formed. The flask 
was then cooled to RT, then stored in the freezer overnight. Next, the product was filtered and washed with mother 
liquid. A yellow solid was obtained. (3.15 g, 69%). 
1
H NMR (500 MHz, CDCl3) δ 9.33 (s, 2H), 7.61 (s, 4H). 
 
42: First, SM (41) (195 mg, 0.617 mmoles), Zn(CN)2 (290 mg, 2.47 mmoles), Zn (19 mg, 0.296 mmoles), Pd2(dba)3 
(45.2 mg, 0.0494 mmoles), dppf (55.0 mg, 0.0987 mmoles), and DMA (10mL) were added to a 25-mL Schlenk 
tube. N2 was bubbled through the black/green/brown mixture for 10 min. It was then allowed to stir at 120 °C 
overnight. The reaction was worked up with CH2Cl2 and EtOAc and washed with NaHCO3 and brine. Next, the 
organic layers were dried over Na2SO4 and concentrated. This was then recrystallized in 1,2-dichloroethane and 
purified via FCC (CH2Cl2 → 1% MeOH/CH2Cl2). Yellow solid was obtained (32.2 mg, 19%). 
1
H NMR (500 MHz, 
CDCl3) δ 9.41 (s, 1H), 8.22 (s, 1H). 
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(37): First, CuI (0.519 mg, 0.00273 mmoles), Pd(PPh3)2Cl2 (5.74 mg, 0.00818 mmoles), SM1 (43) (43.1 mg, 0.273 
mmoles), and SM2 (44) (58.1 mg, 0.273 mmoles) were placed in a 25-mL Schlenk tube. This was vac/refilled 3X. 
Next, THF (12.5 mL) and piperidine (1 mL) were added under N2. This was allowed to stir for 18 h at 65 °C. The 
crude reaction mixture was then concentrated and purified via FCC (CH2Cl2→ 1% MeOH/CH2Cl2). A yellow solid 
was obtained (35.3 mg, 45%). 
1
H NMR (500 MHz, CDCl3) δ 10.14 (d, J = 5.0 Hz, 4H), 8.40 (t, J = 1.5 Hz, 2H), 
8.32 (d, J = 1.5 Hz, 4H). 
 
(45): First, CuI (5.06 mg, 0.0266 mmoles), Pd(PPh3)2Cl2 (56.0 mg, 0.0798 mmoles) and SM (29) (854 mg, 2.66 
mmoles) were placed in a 25-mL Schlenk tube. This was vac/refilled 3X. Next, THF (16.4 mL), TMSA (1.89 mL, 
13.3 mmoles), and piperidine (1 mL) were added under N2. This was allowed to stir for  18h at 65 °C. The crude 
reaction mixture was then concentrated and purified via FCC (1% EtOAc/Hex). A brown liquid was obtained (842 
mg, 94%). 
1
H NMR (500 MHz, CDCl3) δ 9.94 (s, 1H), 7.84 (t, J = 1.4 Hz, 1H), 7.81 (dd, J = 4.3, 2.9 Hz, 1H), 7.73 – 
7.70 (m, 1H), 2.44 – 2.38 (m, 4H), 1.65 – 1.56 (m, 4H), 1.49 – 1.41 (m, 4H), 1.36 – 1.25 (m, 16H), 0.90 (t, J = 6.9 
Hz, 6H), 0.26 (s, 9H). 
13
C NMR (75 MHz, CDCl3) δ 190.95, 140.04, 136.37, 132.15, 131.68, 125.58, 124.43, 
102.73, 93.08, 78.59, 77.20, 31.85, 29.18, 29.10, 28.90, 28.52, 22.66, 19.36, 14.12, -0.20. Calcd for C22H30OSi 
[M+Li] 345.2226; Found, 345.2235.  
 
(46): First, SM (45) (1.74 g, 5.14 mmoles), THF (55.7 mL), and MeOH (141 mL) were placed in a 500-mL RB 
flask. Next, K3CO (31.6 mg, 0.229 mmoles) was added. This was allowed to stir for 3 h at RT. The solution was 
then concentrated and purified via FCC (1% EtOAc/ Hex). A brown liquid was obtained (1.20 g, 88%). 
1
H NMR 
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(500 MHz, CDCl3) δ 9.96 (s, 1H), 7.87 (t, J = 1.5 Hz, 1H), 7.86 (t, J = 1.5 Hz, 1H), 7.74 (t, J = 1.5 Hz, 1H), 3.16 (s, 
1H), 2.42 (t, J = 7.1 Hz, 2H), 2.06 (s, 1H), 1.62 (dt, J = 14.8, 7.2 Hz, 3H), 1.56 (s, 1H), 1.45 (dd, J = 14.8, 7.3 Hz, 
3H), 1.38 – 1.23 (m, 13H), 0.93 – 0.87 (m, 4H). 13C NMR (75 MHz, CDCl3) δ 190.78, 140.17, 136.46, 132.62, 
131.73, 125.74, 123.43, 93.34, 81.56, 79.03, 78.48, 31.84, 29.18, 29.09, 28.91, 28.49, 22.66, 19.37, 14.10. 
 
 
(47): First, CuI (0.729 mg, 0.00383 mmoles), Pd(PPh3)2Cl2 (7.72 mg, 0.0110 mmoles) and SM (15) (100 mg, 0.192 
mmoles) were placed in a 25-mL Schlenk tube. This was vac/refilled 3X. Next, THF (12 mL), TMSA (0.273 mL, 
1.92 mmoles), and piperidine (2 mL) were added under N2. This was allowed to stir for 18 h at 65 °C. The crude 
reaction mixture was then concentrated and purified via FCC (20% EtOAc/Hex). A yellow solid was obtained (71.7 
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mg, 67%). 
1
H NMR (500 MHz, CDCl3) δ 9.99 (s, 2H), 7.97 (t, J = 1.6 Hz, 2H), 7.93 (t, J = 1.5 Hz, 2H), 7.87 (t, J = 
1.6 Hz, 2H), 7.32 (d, J = 1.3 Hz, 1H), 7.07 (d, J = 1.3 Hz, 2H), 3.87 (s, 3H), 0.30 – 0.27 (m, 18H). 
 
(48): First, SM (47) (102 mg, 0.183 mmoles), THF (2 mL), and MeOH (5 mL) were placed in a scintillation vial. 
Next, K2CO (2.26 mg, 0.0163 mmoles) was added. This was allowed to stir for 3 h at RT. The solution was then 
concentrated to yield pure product (54.2 mg, 72%). 
1
H NMR (500 MHz, CDCl3) δ 10.01 (s, 2H), 8.01 (t, J = 1.5 Hz, 
2H), 7.96 (t, J = 1.5 Hz, 2H), 7.89 (t, J = 1.6 Hz, 2H), 7.34 (s, 1H), 7.09 (d, J = 1.3 Hz, 2H), 3.87 (s, 3H), 3.21 (s, 
2H). 
 
(39): First, CuI (0.501 mg, 0.00263 mmoles), Pd(PPh3)2Cl2 (5.53 mg, 0.00789 mmoles), SM1 (48) (54.2 mg, 0.131 
mmoles), and SM2 (27) (94.0 mg, 0.302 mmoles) were placed in a 25-mL Schlenk tube. This was vac/refilled 3X. 
Next, THF (10 mL) and piperidine (2 mL) were added under N2. This was allowed to stir for 18 h at RT. The crude 
reaction mixture was then concentrated and purified via FCC (CH2Cl2→ 1% MeOH/CH2Cl2). A yellow solid was 
obtained (63.7 mg, 62%). 
1
H NMR (500 MHz, CDCl3) δ 10.04 (s, 2H), 9.98 (s, 2H), 8.04 (t, J = 1.5 Hz, 2H), 8.03 – 
8.02 (m, 2H), 8.01 (t, J = 1.5 Hz, 2H), 7.98 (t, J = 1.4 Hz, 2H), 7.94 (dd, J = 3.2, 1.6 Hz, 4H), 7.36 (s, 1H), 7.11 (d, J 
= 1.3 Hz, 2H), 3.89 (s, 3H). 
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